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Laboratory soil tank experiments for the development of generic in-situ purification 




In this study, laboratory experiments were conducted to develop a generic purification method without 
excavation for the ground polluted by sticky and low volatile machine oil. From the result of the small and large 
soil tank experiments, results were obtained as below. 
1) A Seepage /sparkle/emulsification method was used. CO2 gas is generated in a chemical reaction of acetic 
acid and bicarbonate. The mechanical mixing accelerates emulsification of oil. This method was very effective 
for small soil tank, but not suitable for large soil tank. 
2) Another method with using a thickener was thought to control the flow of surfactants. From the result of the   
experiments, this method was very effective for small and large soil tank both. 
3) An intermittent injection method was thought to purify the polluted soil with underground facility. This 























































































ࡓࠋᅗ-1 ࡣᐇ㦂⿦⨨ࡢᴫ␎ᅗ࡛࠶ࡿࠋᑠᆺ 2 ḟඖᅵᵴ(ෆ
ᑍᖜ 62.0 cm㧗ࡉ 72.0 cmዟ⾜ࡁ 5.0 cm)࡟ୗ࠿ࡽ
㇏ᾆ◁ࢆ㧗ࡉ 15 cmࠊ㉁㔞ẚ 10㸣ࡢởᰁἜࢆΰࡐࡓ㇏






















ࢬࣝࢆ⏝࠸ࠊୖ࠿ࡽࡣ HLB10.5 ࡢ⏺㠃άᛶ๣ 3㸣Ỉ⁐
ᾮ 10 Lࠊୗ࠿ࡽࡣྠ⏺㠃άᛶ๣ 3㸣࡟㔜᭪ࢆ 8㸣ῧຍࡋ
ࡓỈ⁐ᾮ 5 L ࡜ࠊྠ⏺㠃άᛶ๣ 3㸣࡟㓑㓟ࢆ 5㸣ῧຍࡋ
ࡓỈ⁐ᾮ 5 L ࢆ࡜ࡶ࡟ 6 mL/min ࡢ㏿ᗘ࡛ࢱ࢖࣐࣮࡟
ࡼࡾ 30 ศẖ஺஫࡟ᅽධࡋ࡚࠸ࡃࠋࡇࡢ 3 ࡘࡢỈ⁐ᾮࡢ 
ᅗ-2 ᐇ㦂 2-1 ࡢί໬ࡢ㐍⾜ 
෗┿-6 21 ᫬㛫 10 ศᚋ 
೵Ṇ㸦2.1PV㸧 
෗┿-1 ᐇ㦂 2-1 
ึᮇ≧ែ 
෗┿-2 4 ᫬㛫ᚋ 
㸦0.4PV㸧 








































෗┿-7 ᐇ㦂 2-2 ึᮇ≧ែ  ෗┿-8 5 ᫬㛫ᚋ㸦0.64PV㸧   ෗┿-9 10 ᫬㛫ᚋ㸦1.28PV㸧  ෗┿-10 15 ᫬㛫ᚋ㸦1.91PV㸧        








෗┿-11 20 ᫬㛫ᚋ㸦2.55PV㸧  ෗┿-12 ⤊஢᫬㸦3.0PV㸧 
 












ᇦࡀởᰁ㡿ᇦẚ 100%࡛࠶ࡿࠋ⏺㠃άᛶ๣Ỉ⁐ᾮ⥲ィ 3 
PV ࢆᅽධࡍࡿணᐃ࡛࠶ࡗࡓࡀࠊ1.5 PV ࡛࡯ࡰί໬ࡀ
᏶஢ࡋࡓࠋ 































 ᅗ-5 ᐇ㦂 2-3 ᣲືண᝿ᅗ 
 
ୗ࠿ࡽࡣࡇࢀ࡟ࠊCMC ⢊ᮎࢆ 0.5㸣㸦33.5 g㸧ῧຍࡋ
ࡓࡶࡢࢆ 6.7 Lࠊィ 20 L㸦㸻3 PV㸧⏝ពࡋࡓࠋ௒ᅇࡣ
ᆅ⾲㠃࡟Ἔ⢓ᅵࢆ⿕そࡋ✵Ẽࡢ㐍ධࢆ㜵࠸ࡔࠋᅽධὶ
㏿ࡣୖ࠿ࡽ 10.0 mL/minࠊୗ࠿ࡽࡣ 5.0 mL/min ࡜ࡋࡓࠋ 
 ᐇ㦂⤒㐣
෗┿-7 ࡣึᮇ≧ែ࡛࠶ࡾࠊ୰ᒙࡢⰍࡢ⃰࠸㒊ศࡀึ






























෗┿-14 12 ᫬㛫ᚋ㸦1.5PV㸧  ෗┿-15 24 ᫬㛫ᚋ㸦3.0PV㸧  ෗┿-16 36 ᫬㛫ᚋ㸦4.5PV㸧  ෗┿-17 ᅽධ⤊஢᫬㸦6.0PV㸧 
























PV ᫬࡟ 0.2㸣ࡲ࡛ୗࡆࡿࡇ࡜ࡀ࡛ࡁࡓࠋ 

















Ỉ⁐ᾮࢆ 2 ᫬㛫೵Ṇࠊ1 ᫬㛫ᅽධࢆ஺஫࡟⾜࡞࠺ࠋࡇࡢ
㛫Ḟᅽධࡣὶࢀࡢᅛᐃ໬ࢆ㑊ࡅࡿࡇ࡜ࢆ≺࠺ࡶࡢ࡛࠶






 ෗┿-14 ࡣ 12 ᫬㛫ᚋ㸦1.5 PV㸧ࡢ෗┿࡛࠶ࡿࠋᮇᚅ
ࡋࡓ㏻ࡾୗࢆࡃࡄࡿࡼ࠺࡟㞀ᐖ≀ࡢୖὶ㸦ྑ㸧ഃࡢở
ᰁἜࡀ⛣ືࡋ࡚࠸ࡿࠋ෗┿-15 ࡣ 24 ᫬㛫ᚋ㸦3.0 PV㸧
ࡢ෗┿࡛࠶ࡿࠋ㞀ᐖ≀ࡢୖὶࡀ᏶඲࡟ί໬ࡉࢀࠊὙί
ᾮࡀ㞀ᐖ≀ࢆ㉸࠼࡚ୗὶ㸦ᕥ㸧ഃ࡟㐩ࡋ࡚࠸ࡿࡢࡀ☜





ࢇ࡛࠸ࡿࠋ෗┿-17 ࡣ 6.0 PV ᅽධ᫬ࡢ෗┿࡛ࠊࡇࡇ࡛
ᐇ㦂⤊஢࡜ࡋࡓࠋᅗ-6 ࡟௒ᅇࡢᐇ㦂ࡢί໬ࡢ㐍⾜ࢆ♧






















































ࡿࠋ኱ᆺ 2 ḟඖᅵᵴ(ෆᑍᖜ 190 cm㧗ࡉ 90 cmዟ⾜
ࡁ 5.0 cm)࡟ୗ࠿ࡽ㇏ᾆ◁ࢆ㧗ࡉ 20cmࠊ10㸣ࡢởᰁἜ
ࢆΰࡐࡓ㇏ᾆ◁ࢆ㧗ࡉ 20 cmࠊそᅵ࡜ࡋ࡚㇏ᾆ◁ࢆ㧗
ࡉ 40 cm ࡢ㡰࡛Ỉ⥾ࡵ඘ሸࡋࡓࠋ 
඘ሸ஝⇱ᐦᗘࡣȨd㸻1.55 g/cm3 ࡛࠶ࡿࠋᆅ⾲㠃ࡣἜ
⢓ᅵ࡛⿕そࡋ✵Ẽࡢ㐍ධࢆ㜵࠸ࡔࠋ 
ྑࡢୖࡢᅽධᏍ࠿ࡽ⏺㠃άᛶ๣ 3㸣Ỉ⁐ᾮ 50 Lࠊୗ
࠿ࡽࡣ⏺㠃άᛶ๣ 3㸣+㔜᭪ 8㸣Ỉ⁐ᾮ 25 L࡜⏺㠃άᛶ
๣ 3㸣+㓑㓟 5㸣Ỉ⁐ᾮ 25 L ࡜ࢆࡑࢀࡒࢀ 30 ศẖ஺஫
࡟ᅽධࡋ࡚࠸ࡃࠋࡇࡢỈ⁐ᾮࡢྜィ 100 L ࡀ኱ᆺ 2 ḟ
ඖᅵᵴᐇ㦂࡟࠾ࡅࡿ 3 PV ࡛࠶ࡿࠋ௒ᅇࡣୖୗඹ࡟ὶ㏿
ࢆ 5 mL/min ࡢ㏿ᗘ࡛ᅽධࡋࡓࠋ 
 ᐇ㦂⤒㐣 




ࡋࡲࡗ࡚࠸ࡿࡇ࡜ࡶࢃ࠿ࡿࠋ෗┿-21 ࡣ 48 ᫬㛫ᚋࡢ≧
ែࡢ෗┿࡛࠶ࡿࠋᆅ⾲㠃࡜⿕そἜ⢓ᅵ࡜ࡢ㝽㛫࡟ࠊᅽ
ධࡋ࡚࠸ࡿỈ⁐ᾮࡀ⁄ࢀฟࡍ⌧㇟ࡀ☜ㄆࡉࢀࡓࠋ෗┿
-23 ࡣ 72 ᫬㛫ᚋࡢ≧ែࡢ෗┿࡛࠶ࡿࠋ⿕そἜ⢓ᅵࢆࡍ
ࡾᢤࡅ࡚Ỉ⁐ᾮࡀᄇࡁฟࡋ࡚ࡋࡲࡗࡓࠋࡇࡢࡲࡲᐇ㦂
ࢆ⥆ࡅࡿ࡜Ỉ⁐ᾮࡀ⁄ࢀ࡚ࡋࡲ࠺ᜍࢀࡀ࠶ࡿࡓࡵ෗┿













































෗┿-31  120 ᫬㛫ᚋ㸦2.5PV㸧      ෗┿-32  135 ᫬㛫ᚋ(2.8PV)       ෗┿-33 143.5 ᫬㛫ᚋ೵Ṇ㸦3PV㸧 
 
CMC0.5%Ỉ⁐ᾮࡢ⢓ᛶࡣ 50.0 mPa㺃s ࡛࠶ࡗࡓࠋࡇࢀ
ࡽࢆୖୗ࡜ࡶὶ㏿ 5 mL/min ࡛ᅽධࡋࡓࠋ 
 ᐇ㦂⤒㐣
෗┿-25 ࡣึᮇ≧ែ࡛࠶ࡿࠋ෗┿-26㹼27 ࡣ 30㹼45 ᫬
㛫ᚋࡢ≧ἣ࡛࠶ࡿࠋୗ࠿ࡽᅽධࡉࢀࡓ⢓ᛶࡢ㧗࠸⏺㠃
άᛶ๣ࡢὶࢀ࡟ᨭ࠼ࡽࢀ࡚ࠊởᰁἜࡀ㝆ୗࡍࡿࡇ࡜࡞








 ኱ᆺ ḟඖᅵᵴࢆ⏝࠸ࡓᐇ㦂 
㸦」ᩘᆅᒙ࣭㞀ᐖ≀ᐇ㦂㸧
 ᐇ㦂┠ⓗ




ᩘࢆ 1 ᮏ࠿ࡽ 4 ᮏ࡬࡜ቑࡸࡋ࡚ᐇ㦂ࢆ⾜࠺ࠋ 
 ᐇ㦂᪉ἲ
෗┿-34 ࡟ᐇ㦂⿦⨨ࡢᴫ␎ࢆ♧ࡍࠋୗᒙ࡜ୖᒙ࡟ࡣ⢏















ί໬ࡉࢀ࡚࠸ࡿࠋ෗┿-37 ࡣ 140 ᫬㛫ᚋ㸦2.65 PV㸧࡛࠶
ࡿࠋ඲యⓗ࡟ởᰁἜࡢⰍࡀⷧࡃ࡞ࡗ࡚࠾ࡾࠊங໬ࡋ࡚
࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋࡲࡓࠊձ␒ࡢ㞀ᐖ≀ࡢྑഃࡀ࡯࡜
ࢇ࡝ί໬ࡉࢀ࡚࠸ࡿࡢࡀ☜ㄆ࡛ࡁࡿࠋ෗┿-38 ࡣ 160 ᫬
㛫ᚋ㸦3.03 PV㸧࡛࠶ࡿࠋ෗┿-37 ࠿ࡽ 20 ᫬㛫⤒㐣ࡋࡓ











































   ෗┿-41 182.5 ᫬㛫ᚋ㸦3.45PV㸧       ෗┿-42 202.5 ᫬㛫ᚋ㸦3.83PV㸧      ෗┿-43 222.5 ᫬㛫ᚋ㸦4.21PV㸧  
 
ࡇࢀࡲ࡛ࡢᐇ㦂࡛ࡣୖࡢᅽධᏍࡣᖖ᫬Ὑίᾮࢆὶࡋࠊ
ୗࡢᅽධᏍࡣ 2 ᫬㛫೵Ṇࠊ1 ᫬㛫ᅽධࡢ⧞ࡾ㏉ࡋ࡛⾜ࡗ






ࡿࡶࡢ࡛࠶ࡿࠋ෗┿-40 ࡢ 162.5 ᫬㛫ᚋ㸦3.07 PV㸧࠿ࡽ
ୗࡢᅽධᏍࡢᅽධࣃࢱ࣮ࣥࢆኚ᭦ࡋ࡚Ὑίᾮࢆᅽධࡋ
ࡓࠋ෗┿-41 ࡣ 182.5 ᫬㛫ᚋ㸦3.45 PV㸧࡛࠶ࡿࠋୗࡢᅽ
ධᏍ࠿ࡽࡢὙίᾮࡢᅽධ᫬㛫ࡀቑ࠼ࡓࡇ࡜࡛ࠊởᰁἜ
ࡀࡇࢀࡲ࡛௨ୖ࡟ᢲࡋୖࡆࡽࢀί໬ࡀ㐍ࢇࡔ࡜⪃࠼ࡽ
ࢀࡿࠋ෗┿-42 ࡣ 202.5 ᫬㛫ᚋ㸦3.83 PV㸧࡛࠶ࡿࠋձ␒
࡜ղ␒ࡢ㞀ᐖ≀ࡢ㛫ࡢởᰁἜࡀ࡯ࡰί໬ࡉࢀ࡚࠸ࡿࡢ
ࡀ☜ㄆ࡛ࡁࡿࠋղ␒࡜ճ␒ࠊճ␒࡜մ␒ࡢ㞀ᐖ≀ࡢ㛫
ࡶྠᵝ࡟࠿࡞ࡾί໬ࡀ㐍ࢇ࡛࠸ࡿࠋ෗┿-43 ࡣ 222.5 ᫬
㛫ᚋ㸦4.21 PV㸧࡛࠶ࡿࠋࡇࡢ᫬Ⅼ࡛඲యⓗ࡟ởᰁἜࢆ
ί໬ࡍࡿࡇ࡜࡟ᡂຌࡋࡓࠋᐇ㦂ࡣࡑࡢᚋࡶࡋࡤࡽࡃ⥅
⥆ࡋ 275 ᫬㛫ᚋ࡛ᅽධࢆ⤊஢ࡋࡓࠋ 





࡜ࡉ࡯࡝࠿ࢃࡽ࡞࠸ 4.21 PV ࡛ί໬ࢆ⤊஢࡛ࡁ࡚࠾ࡾࠊ
௒ᚋࡢί໬ᑐ⟇࡟࠾ࡅࡿỗ⏝ⓗ࡞᪉ἲ࡜ࡋ࡚ᮇᚅ࡛ࡁ
ࡿ⤖ᯝࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡓࠋ 










































































ࡢࢆ᳨ウࡍ࡭ࡃࠊḟ⠇ࡢ㏣ຍᐇ㦂 2 ࢣ࣮ࢫࢆᐇ᪋ࡋࡓࠋ 
 ᑠᆺ ḟඖᅵᵴࢆ⏝࠸ࡓ㏣ຍᐇ㦂 ࡜ 
 ᐇ㦂ࡢ┠ⓗ࡜᪉ἲ






















࡛࠶ࡿࠋ෗┿ࡢୗࡢ PV ࡣỈ࡜⏺㠃άᛶ๣ࡢྜィ PV ࡛
⾲グࡋ࡚࠶ࡿࠋ㏣ຍᐇ㦂-1㸦㐃⥆ᢞ୚㸧࡛ࡣ 7.0PV ᢞ୚
᫬࡛ࡶởᰁἜࡀࡍࡌ≧࡟ṧ␃ࡋ࡚࠸ࡿࡀࠊ㏣ຍᐇ㦂-2






























(a)13 ᫬㛫ᚋ㸦1.0PV㸧     (b)39 ᫬㛫ᚋ㸦3.0PV㸧     (c)52 ᫬㛫ᚋ㸦4.0PV㸧      (d)78 ᫬㛫ᚋ㸦6.0PV㸧  (e)91 ᫬㛫ᚋ㸦7.0PV㸧 








(a)15 ᫬㛫ᚋ㸦1.0PV㸧    (b)45 ᫬㛫ᚋ㸦3.0PV㸧     (c)60 ᫬㛫ᚋ㸦4.0PV㸧  
෗┿-45  ㏣ຍᐇ㦂-2  㛫Ḟᢞ୚ࡢࢣ࣮ࢫ 


















































࠿ࡽࡢᥦゝ࡜࢞࢖ࢻࣛ࢖ࣥ࡟ࡘ࠸࡚ࠊ➨ 21 ᅇ ᆅୗỈ࣭ᅵ
ተởᰁ࡜ࡑࡢ㜵Ṇᑐ⟇࡟㛵ࡍࡿ◊✲㞟఍ㅮ₇㞟ࠊpp.42㹼47ࠊ
⚟ᒸ㸦2015㸧. 





ᣢ⥆ᛶホ౯ཬࡧ཯ᛂᛶᅇ᚟ᡭἲࡢ᳨ウࠊ➨ 19 ᅇ ᆅୗỈ࣭
ᅵተởᰁ࡜ࡑࡢ㜵Ṇᑐ⟇࡟㛵ࡍࡿ◊✲㞟఍ㅮ₇㞟ࠊpp.362
㹼365ࠊி㒔㸦2013㸧. 






















  ◊✲ࠊ➨ 21 ᅇ ᆅୗỈ࣭ᅵተởᰁ࡜ࡑࡢ㜵Ṇᑐ⟇࡟㛵ࡍ
ࡿ◊✲㞟఍ㅮ₇㞟ࠊpp.62㹼67ࠊ⚟ᒸ㸦2015㸧. 
9) すᕝ┤ோ࣭ ᱒ᒣ ஂ࣭⸨஭἞ᙪ࣭▼ᕝὒ஧㸸ࣂ࢖࢜ࢫࣃ࣮
ࢪࣥࢢᕤἲ࡟ࡼࡿ࣋ࣥࢮࣥởᰁᅵተࡢཎ఩⨨ί໬ࠊᅵᮌᏛ
఍➨ 67 ᅇᖺḟᏛ⾡ㅮ₇఍ㅮ₇㞟ࠊpp.311㹼312ࠊྡྂᒇ
㸦2012㸧㸬 
10)Ჴᶫ⚽⾜㸸㛫㝽ෆ஧ᾮ཯ᛂⓎἻࢆ⏝࠸ࡓษ᭰஺஫ᅽධ࡟ࡼ
ࡿἜởᰁᆅ┙ί໬࣒ࣛࡢపῶࠊ➨ 20 ᅇᆅୗỈ࣭ᅵተởᰁ
࡜ࡑࡢ㜵Ṇᑐ⟇࡟㛵ࡍࡿ◊✲㞟఍ㅮ₇㞟ࠊpp.301㹼306ࠊ
࿴ḷᒣ㸦2014㸧. 
11) ୰すⱱᏊ㸸Ὑ๣࡜Ὑίࡢ⛉Ꮫࠊ᪂ࢥࣟࢼࢩ࣮ࣜࢬ 33ࠊࢥ
ࣟࢼ♫ࠊp.43㸦1995㸧. 
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